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‘The big question 1s-Can you have the amorin
of energy that vou need and want today for cach
of your tomorrows? s the question too big? Let's
break it into two pavts, then, and you can ask
yvourself: in mv life, why might T need 1o usc
more, or less, crergy? And, in my life, why might 1
want to use more, or less energy?

[t 1s the parpose of this Encrgy study to help
vou find answers--not tor all of the energy pro-
bloms facing the world today, bui for the two
questions you have just asked yourself. You can
find ourt, as just
where vou as an American are in relation to what
you have seen and heard about the energy crisis,

the diays of the unit progress,

The wordd evisis means crossroads or turning
point. Crisis in time of illness, for example, can
mean that someone s between life and death. The
turning point could go either way. Some people
feel that our energy problerns are serious enough to
be lite and death matzers, Whether this is true or
not remains to be seen. We do know as Americans
that we are ar a turning point which we have called
the energy crisis.

Shortages of tood or fuel have occurred
throughout human history on our planet. Short-
ages exist today, all over the world. However, as
American consumers, we are not comforted by
thoughts that the energy crisis in our country is
sadly similar either to a past or a present crisis
elsewhere, We are encouraged, rather, Ly positive
action--as well as by positive thoughts that we can

DS, FUELS,

Learning The Energy Language

This thing called energy s everything, And
yet, did an expression like “the world’s total
supply of energy " ever cause you to wonder what
was meant? Have you thnught that “stored en-
ergy,”” often called ““fossil fuel,” is similar to the
food you ear? No? You wouldn't choose a dish of

solve the energy crisis, Tharefore, we want to know
what our choices are in this time of crisis, so we
can make the coreect decisions,

We
nections

have to knew if we cun change the con-
that exist becween our styles of daily life
and our growing dlemands for more energy. Will we
freely choose smaller cars and mass wansit, build-
ing designs that cconomize heat and light, and --if it
is costly--recycling of all possible resources?

We have to know if our environment will be
spoiled as we supply more and more energy to our
population, Will we, or our descendants, have to
hive with air and warer pollution and with radio-
active wastes 1 order to satisfy the energy de-
mand?

We have t know 1f the United States can
continue to be the biggest energy consumer on the
international scene. Are we and developing nations
around the wotld going to be in real competition
to get and use the world's energy resources?

And, finally, we have to know if cach energy
resource that we are now using can be maore or less
helpful to us in the future, Which old and which
new resources can we safely develop, and how
much of a job can each one do for us?

Answers to small questions you can get as you
move into the story of energy today. But remem-
ber, the main character of the story is you. The big
question, of needs and wants, is for you to under-
stand and answer.

coal for supper, though coal is known to be an
cnergy source. To you, coal is a fuel, not a food.

Foods And Fuels: How Are They Similar?

The foods you eat and the fossil fuels—coal,
oil, and natural gas—all got started with energy
from the sun. The sun delivers daily. to each acre
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of aur country, about 20 nullion kile eddories, Sisee
a kilocalo=ie is 1000 clornes, we get a o of soar
energy  every duv! Some of this daily  coergy
beeomes the plants and proteins that you car. Mil-
lioms of years ago, soler energy wroduced the fossil

fucls thet are used today. Tv would tuke this long
for more fossil fuels to be produced,

Becuase vou need food and fuel in order to
survive, you are called 2 “consumer.” A consurier,
simply i+ an energy-user, At last count, by the
way, one of the threo billion haman energy-users
on this planer was yoa!

Have vou eves thonght tnae plants, hivds, sl
and cether animats on our plinet use only feoud?
The use of fuel as well as food Is something onlv
humans do. First, let's consider how you use foad

Your body is warm, and you are able to move
it, Both of rhese descriptions fit you, warmth and
activity, because of the food you consume. Heat is
given off as the food you eat combines in your
body with oxygen. The cells of your body act like
trillions of combustion engines. Energy input-—in
the form of food—lets you think, laugh, play, and
even dream. All of your body’s activiiics, whether
you are asleep or awake, add up to your cnergy
output,

Foods And Fuels: How Are They Different?

To a human being, the difference between
food and fuel is how the energy is released, in what
form it is released, and what it is used for.

All matter 1s made of tiny particles called
atoms. Atoms may be bunched together into mole-
cules, The atoms in a molecule are held together by
chemical bonds. Chemical bonds can be thought of
as energy, chemical energy. Energy can be released
when chemical bonds are broken or rearranged.

Fuel Coal, natural gas, wood, and oil are
made of molecules which in turn are bunches of
atoms of hydrogen and carbon. The energy in coal,
gas, etc. is in the chemical bonds between these
atoms. Oxygen has the ability to break and rear-
range these bonds and to release the energy, but
oxygen needs a little push to get started. It needs a
little heat energy to break the first few chemical
bonds. When they break, they release more than
enough energy to cause the oxygen to break more
bonds which release more energy. As long as fuel
(coal, gas, etc.) and oxygen are added, the reaction
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will continue, This ceaction in called oxudation,
Oxidation changes chemical encery mostly to heat
energy with o lictde light energy. We use the heat
L'n,t_%rg'y to keep warmi, cook {ood, move the pistons
in an avtowobile, or it is changed into clectric
energy for many other uses, The light energy, for
the most part, is not used.

Fuel for your body is called food, and the
chemical energy is released in a different way, ina
ditferent form, and for a different purpose.

Food Sugar, starch, and tat are made of
moleeules which in turn are hunches of atoms of
carbor, and oxygas, The energy in these
foods 15 in the chemical bends which hold the
ators together, Oxygen 15 still neceded to release
this energy, but oxidation is too violent. It releases
the encrgy too fast for your hody. Oxidation also
relcases most of the encrgy in the wrong form,

hydrogen

The slow release of energy from tfood in your
cells is called respiration. In respiration, not only is
the chemical energy released slowly, but most of it
is turned right back into chemical cnergy. The
energy in food is transferred into molecular jars
and stored for later, This is why you need only eat
three times a day even though your body requires
energy all the time. Also, you don’t nced oxygen
to get the use of the energy in the molecular jars,

Once in the jars, this encrgy is circulated
through your cells and used for growth, repair
work, and release of more ensrgy from your food.

Not all of the energy from respiration goes
into storage, Some is released as heat energy which
is why your body temper:trire is normally 98,69F,

Energy Values Calories Per Pound

Fuel (coal) 2,500,000-3,500,000

Food
sugar & starch 5,000
fat ) 9,000

There appears to be a large difference be-
tween the amounts of energy in fuel and food, but
remember, calories are 1 measurement of heat
energy. Most of chemical energy 1eleased from fuel
during oxidation comes off as heat energy, and
most of the chemical energy released from food
during respiration stays as chemical energy in the
molecular jars.
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How Much Power Do We Really Need?

We are the biggest energy consumers in the
world. Until now, energy has generally been cheap
and abundant for us. We have used it freey to
maintain a high standard of living. All of our plan-
ners have predicted that more and morc energy
would be consumed to support our growing econ-
omy,

But now things have changed. FFuel bills arc
rising, Gasoline supplies are limited, Public of ficials
ask us to twrn off our air conditioners to aveid
blackouts und brownouts. Energy is no longer
cheap and no longer abundant,

How should we act in chis new situation? Can
we find ways to expand our energy supplies and
meet our growing demands? Or should we try to
use less energy? Environmentalists warn us of the
increasing harm to our environment as more and
more energy is consumed. Should we change the
way we live?

Conserve Energy And Cut Waste

Are you willing ro do without cars, hi-fi
stereos, T'Vs, and air conditioners? Most people are
not. These drastic measures can cur down our
energy demands, but there are other ways too. We,
can conscrve cnergy in ways that are accep table to
us, and we can use energy more efficiently. Did
you know that the Federal Office of Emergency
Preparedness has estimated that up to 25 percent
of the cnergy we now use is wasted unnecessarily?
Other sources predict even greater savings if wise
encrgy use becomes everyone’s practice.

How Is Energy Wasted?

Whenever we convert the energy stored in tuel
into a useful form, some of the energy is wasted.
For example, when wood or coal is burned in an
open fireplace, less than 20 percent of the energy is
radiated into the room. The rest escapes up the
chimney. A more efficient heating system is a
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well-designed home furnace. It can capture up to
75 pereent of the energy in the fuel and make it
available for space heating, The energy efficiency
of various deviees s given on the chart. Energy

efficiency s defined as the percentage of input
energy which is converted imto a useful form.

Although technology limits the efficiency of any
sne device, we can find many ways to improve the
overall efficiency of our energy use,

Saving Energy In Industry

Improve the efficiency of electric-power gen-
cration. ‘The average fossil-fuel electric-power plant
is only 33 percent efficient, In other words, two-
thirds of the fuel energy we use to generate clectric
power ends up as waste heat in the environment.
The most modern power plants are 40 percent
efficient. And scientists are working on new
methods of conversion which may raise this figure
to 50 pereent. Meanwhile, modernization of older
plants will mean significant energy savings,

Make waste heat useful at a “total energy™
plant. Some industrial and commercial plants are
generating electric power on site. The resulting
waste heat is recovered as steum and it is used to
heat buildings, to power machinery, and to carry
on industrial processing. The overall efficiency of a
“total energy” plant may be from 75 to 85 per-
cent,

Recover, r(:f:y;’:l‘(z:i and reuse steel, aluminum,
and paper products. The paper and metals indus-
trics are th largest industrial users of electric
power. And of all the metals, aluminum requires
the most electricity to produce. In throwing away
tons and tons of these products cach day, we not
only waste valuable materials and pollute the envir-
onment--we also waste energy. The National
Commission on Materials Policy cstimates that 2
percent of our total energy demand could be saved
by recycling available steel, aluminum, and paper.
It takes less energy to produce these products from
scrap than it does to make them from raw mate-
rials,



Saving Energy In fransportation

Design and use cars with energy efficiency in
mind. The largest share of a family’s energy bud-
get—over half the dollars spent for energy go o
run the family car, Car pools, smaller cars with
fewer electrical features, and better ear mainten-
ance will help to save hoth energy and dollars,

Increase use of mass transit in urban arcas.
Puses are tour times more efficient than cars, And
commurter triins are even more efficient, Increased
use of public transportation in urban arcas will cut
down on cnergy use. It will reduce ar pollucon
and traffic problems too,

Shift intercity travel from air to ground trans-
portation. Air travel is tust and convenient, but it
also consumes the most energy per passenger mile.
Buscs, taing, and even passenger cars are i more
encrgy-cfficient means of traveling from city to
ity

Shift freight transport from highway to rail.
In recent years, the trucking industry has grown,
while the railroads have suffered great losses. But
trucks use up to four times more energy to haul
freight than railroads use. A trend back to rail
transport will save energy.

Saving Energy In The Home And In Offices

Improve the design of commercial buildings.
Many new office buildings use more encrgy than
they must for hearing and cooling. Windows do not
open, so air conditioning is necessary even when
outside temperatures are pleasant. The entire build-
ing may have to be heated, cooled, and illuminated
in off-hours even though only one room in the
building may be in use. Many buildings are poorly
insulated and poorly located. They do not tuke
into account the etfects of sun and wind on heat-
ing and cooling,

improve insulation of homes. Stopping air
leaks around doors and windows can decrease a
family’s heating bill by 15 to 30 percent. Proper
insulation of walls and ceilings and the installation
of storm windows will also save large amounts of

Provide Dbetter maintenance of heating sys-
tems, Heating a home is the largest expense after
the family car in a family’s dollar-und-energy bud-
pet. Better maintenance of heating systems can
reduee fuel hills by 10 percent,

Purchase efficient appliances and lighting fix-
tures and use them wiscly, Do you leave the lights
on when you leave o room? Is the air conditioner
in your home the most efficient model available?
Do you know that an instant-on television nses up
power can be saved by buying efficient appliances
and using them only when necessary, Use the activ-
ity cards provided in this unit to investigate
apphiances in your home,

Conservation Can't Do It All

Wise energy use can cut down energy demand
by 25 percent or more, But some of the measures
suggested will rake time to carry out. In the mean-
time, we may continue to suffer energy shortages,

As we look to the future, we must also con-
sider the supply problem, Conservation measures
can slow the growth of energy demand but not
stop it. The basic pattern of increasing cnergy use
will continue if we choose to maintain our current
life-style and our growing economy. The remaining
sections of this booklet are concerned with pro-
blems of energy supply, both present and future,

energy otherwise wasted. )
Y
=
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What is the picrure of energy supply inour
country? The 1973 Energy Pie gives you a quick
into recent past, Which  two energy
sources supplicd more than 75 percent of the total
energy we consumed in 19732 Which of these
sources was imported in Jarge quantities from
foreign countries? Which sourees on the praph are o
very small part of the total energy piciure?

look our

In the nest few pages, will  find
mfornution abom four that have

supphied most of aur country™s enerpy necds for

Vol

the SOUTCCS

long time. Two types of infornation are presented
for cach enerpy source: apmion and faet, The
the type of  statements
producers and consumers are making today. As
you read cach “opinion,” ask yourself: What point
of view is presented? Whose view is it? Is it based
on enough fact? Then read the fiers and judge for
yourself, Since cach “fact” scetion is brief, you
niy want to do additiopal rescarch at the hbrary.
Coan vou jodge from the facts Low todav's ehief

“opiions’  represent

sources of energy might appear on an Energry Pic of

the fntre?

45%%

—THE 1973 ENERGY PIE

RIC
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Hydroeleciric Power — The Facts

Making use of moving water 15 not new to
mankind, Long ago, people made wheels and put
them into fast-tflowing streams and rvvers, The
power from the turning wheels was used to prind
grimn and pump warer forirngaton. In the Unied
States, many of the first factories were loviie on
or near water, Water wheels powered growing in
dustries here sueh as the texie industry,

Fhe rechnology of water power improved
with the development of the tarbine Its curved
blades made it a more ctticient energy-gathering
device than the water wheel, Turbines are now
used inmany industries o convert steam energy
into useful work,

In hvdroclectric plants, the power of falling
witer drives turbines tor the production ot clectric
power. One ot the tirst such plants in the United
States begun operating at Niagara Falls, New York,
in 1896, Today, the water power from Niagara
Falls 15 sull a reliable producer of electricity, How-

1§

ever, the United States containg few naturad swater-
falls. Most of our hodicelectric power vomes froim
man-made dams suon ac the Grand Covlee Dam on
the Columbia River and the Hoover Dam on the
Colorado River, Construction of these dams and
reservoirs has a number of henefits, Por example,
the network of dams in the Missourt Hiver Basin
provides for tlood contrel, drrigation, and recre-
ton as well as electrie power

In muny ways, water power is g vcery desirahle
energy source. Fossil fuels are used up when thev
are burned, producing waste heat and poisonous
gases as well as userul power, Water poswer is not.
Falling water provides a continuons, clean source
of energy. And, once the dam and the power plan
are built, hydroelectricity s relanvely eheap 1o

produce,

Can more hydroclectricity be made 1o run our
industries and light our homes? Today, it furnishes
fess that 5 percent ot the total encrgy used annu-
ally in the United States. It the resources we <o



Q

E

Aruitoxt provided by Eic:

[ERTs

Contral Gate

Guide Vanaes

/s

Turlrine Whee!

ACHYDROLLPCTHIC GENERATOR s

RIC

have were Tully doveloped, water power could pro-
vide B oro 10 percent of our country’s toral enery
demand in the 1980~ But this pereentage would
decrease apam as the tonl energy demand con-

nned to rise,

Several other ietors tend 1o limag further de-
velopment ot water power. The ligest potential
resources for water power are the rivers of the
Western United States, East of the Mississippi
River, power domands are greatest. Water power
resources there have heen developed almost to ca
p;mf,\:i O course, clectne power van be trans
mitted over a distance. But transmission lines are
expensive and power losses increase with distance,
Fherefore, with present technolegy, power trans-
mission over great disrances is not economieal,

Environmental cffects must also be weighed,

It is necessary to flood thousands of acres to crect
a dam and reservoir, W have learned, sometimes
too late, that this can « woge the ecological balance
of an area for hundreds of noles up the river,
Chanping the flow of water by damming it up
hanges the chemieal and mineral conrent of hoth
the water and the nearby soil. Thus, food chains
can he disrupted ar destroyed. Also, earth tremors
can occur when large dams create new lakes which
are too heavy for the Layers of rock beneath them.,

should we develop water power resources to
meet trom 8 to 10 percent of vur total encrgy
demands? To answer this question, we must know
about the costs, The cost o the consumer, which is
measured in dollars, 1s known, The cost to the en-
vironment, which cannot be measured in dollars, is
stll largely unknown.
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0ld King Coal is the answer to Amexrica™s energy shorlage. Today at our pilot
plant in Green Hills, O klakroma, we are test ing processes that we havedeveloped. These
processes turn high-sulfur coal into cleanbuamir g synt hetic gas,

Until now, some cormmercial plants did gasify small amountsof coal—at rather
high cost to the home and industrial uer . Howewer, we are now réad y to produce a

synthetic gas in large quan tities. We thirk that this gas wilfbe both plenifu land cheap,

About eight years from now, we projesct, our newly construsctedpl antswillbe the

Midwest’s major su ppliers of synthetic gas,

J. P Collier, Manasier
Fuel Research Division
M idweeast Coal Corgoration

Cosal — The Facts

Coil lost the energy race to natural gas and
petwleun in our country about 25 years ago.
From ¢ hut rime until just recently, natural gas and
petroleum have been cheaper to get and easier to
use, Irm 1900, coal supplied 70 percent of the
United States” total energy demand, By the carly
seveentiess, this tigure was down to 18 percent,

North America has the most waluable coal
fiells imthe world, both in quantity and quality .
Coul is e of the top naturl rsowrces of the
Urzited States. Formed by natural processes in the
carth, xhis fossil fuel is the remains of plant life
that liv-ed millions of years ago, Of the 3 williony
torsof coal in the United States, 390 billion tons
cambe mined now. This would be enough to Last a
fevwhurdred years at the current rate of wuse!

Whey has  this valuable resource plaved a
smaller  and smaller part in ow counry s enerpy
slory? e reason is that foreign ol wis once
cheap amdavailable to us. Also ., naturalqas supplies
within  ar country were chap and abundant,
Therfor, improving the technobgy of under-
gound mining and of processing conl mever got rhe
artesntio mit deserved,
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It is adifficult job» to mine coual tfrom deep
underground mines. ktis adity and unhealthy jobs.
1n the United States tochy. there are almost fifty
rhousand coal miners who are ill with black-lung
Aisease. The *'Coal Mine Halth and Safety Act™
w15 designed o proteer the workers in the coal
ficlds, Put the new sandards caused hundreds of
rines to close down, ard many small companics
were forced oat of busines.

In the 19608, call corapanies developed the
t cchnobgy of srip minayg. This method s
cheaper, faster, and siter than underground min-
s, Fiest, <oalseams neir the eurth's surbice are
cBiscoverad, Then the overburden -vegetation, rack,
and wil-covering theseam i removed by power
shovels and daglines. Huge machines  like the
“=Gem of Egypt” ind “Big Muskic” «n scoop up
oover 100 cubie mcters of carth with 2 single bite!
Trring up the land a5 chey go, these giant mon-
saers desiroy whole e nvironment s to getat the coal
beenesith,

Although only 3 parcent of all our coal re-
saurces can be abtained by strip mining,  <oal
comypanies are relying on this method more and
reore, FIE of all the codl that was mined in the
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19605 was stnp ‘mined. And p Lins axc now i pro-
giess to strip-riine the rich suapplies of low-sulfur
coal locited in the Western  states . Our undevel-
oped te<hmology ror undoground minirsg and our

concern forthesafety andhealthof miners expliin
this fice, However, the pros ard corsof strap min-

ing huve reached the halls of Congress. Many
people feel that strip mining causes permanent
damage to the environment. This is believed even if
th< coil producers, at their own expense, attempt
to restore the land.

Anether ewironmental issue is air pollution,
Col isa dirty fuel. Sulfurdioxide, oreof the most
setious a it polluunts,is producedin great amounts
whers coal is buned, The Clean Air Amendments
of 1970 caused a sharp decline in the use of cail
for elcesic-power production.  (This is the biggest
ust tawhichwe put coal.)In many aras, the burn-
irsg of coal was made illegal.  Somes ntilities and
irndustries using coal have found it too expensive o
reduce ghe sulfur dioxide coming from their
sevokastaecks. They have switched to the wse of ail
or gasinsteal. Infact, forthe first tirne irs almosea
hundred years, no coal is being bumed in New
Yok Ciew topraduce deetricitys,

G conl per backe into the  energy mce?
Shoull ig be allwed to? Some people 1oday are
willing to re ducenir pollution sgandards irfavor of
using  high-silfxr conl, Others  are raot willing to
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allow hard-won environmental victories to be lost
agAin.

Many scientists today are trying to return coal
to the energy race, They arc able to change coal
info clear-burning liquid and gaseous fuels. These,
thay preclicr, will one day replace petrcleum and
natural gas, Two government agencies, the Bureau
of Mimnes and the Office of Coal Research, are now
working with industry to produce man- m.,lde gas
and oil from coal. In one experiment, coal is being
gasifiel underground at the coalbed itself. If suc-
ce\sful producte liko: H\’GA‘? li!GA‘% and
lhc trouble i, nnbcdy is qum:: sure how lcmg it
will take and how much money will be needed to
make these products, Some planners say that with
n 49 billion investment, man-made gas from coal
will supply 10 percent of our demands for gaseous
fuels inthe 1980s.

1
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natural gas.

your needs.

We had you, the consumer, in mind when:

We spent $180 million for the successful explorations in Appalachia that led to
our dis«:avery of new gas reserves. We at Consolidated Gas are happy to report our
recent discovery, since it helps us to supply your needs for the clean, efficient fuel—

We estimate that this latest discovery, a big one, could be enough to fuel the
entire United States with natural gas for almost two years!

The future of natural gas will be bright indeed as we tap the limitless supplies

beneath the ocean floors and mountain slopes. But you, the consumer, must be willing
to share with us the increased costs of production. Only then can we continue to serve

Hubert A, Merland
Public Relations Division
Middle State Corsolidated Gas

Natura! Gas — The Facts

The fuel called natural gas is a fossil fuel com-
posed chicfly of methane gas. Like perroleum,
natural gas was formed from marine organisms that
lived billions of years ago, It is often found with oil
deposits, It was either trapped on top of them or
dissolved in the oil itself. However, gas reserves also
exist far from oil fields.

Use of natural gas began in the 1930s when
techniques were developed to pump, store, and
transport this fucl. Pipelines were made to carry
huge volumes of natural gas to distant users. Huge
amounts are needed because 100 cubic feet of gas
must be burned to get the same energy that 1 gal-
lon of gasoline gives, Today, the nation is covered
by a necwork of gas pipelines almost a million
miles long! These pipelines start at the gas wells,
Most of these wells are located in Texas, Okla-
homa, California, Louisiana, and West Virginia.

The United States is, by far, the largest pro-
ducer and user of natural gas in the world. Does
your family cook with natural gas? Over half the

families in our country do, In fact, about 25 per-
cent of our matural gas is used in the home for
heating and cooking. Forty percent is used to make
electric power, Natural gas is also a source of petro-
chemicals. These are used for the manufacture of
products such as drugs, detergents, fertilizers,
paints, plastics, synthetic rubber, and synthetic
fibers. '

Gas is the simplest of all fuels to burn. A gas
furnace usually needs less care and upkeep than a
furnace which burns coal or oil. It is also the clean-
est-burning fossil fuel, Natural gas produces far less
air pollution than coal, gasoline, or oil.

The demand for and the use of this energy
resource is skyrocketing, In the United States, for
example, in 1947 natural gas supplied 14 percent
of our total energy needs. In 1973, 33 percent or

gas.
A big reason for the increase in the use of

natural gas is its low cost, In 1954, the United
States government put a ceiling—meaning a price

15
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limit—on the cost of natural gas to the consumer.
From 1954 until recently, attempts to find more
naturalgas reserves became fewer. Can you guess
why? The gas companies said that new reserves had
become more difficult and more expensive to find,
Therefore, exploring and drilling for new gas re-
serves could cost a producer more than he might
get back from the sale of the gas. With the price
ceiling fixed, known reserves were used up faster
than new supplies were discovered.

In 1973, known underground gas reserves
totaled 291 trillion cubic feet. The American con-
sumer used 22 trillion cubic feet. Therefore, we
know that we will run out of natural gas. The only
question is: when?

In late 1973, the gas companies estimated
that their known reserves would last no more than
five years, In some states today, new customers for

natural gas are being turned away by utility com-
panies. We know that the demand for natural gas is
increasing. The supply—whether known or as yet

" undiscovered—is decreasing. However, some scien-

tists estimate that the amount of undiscovered
natural gas in our country could turn out to be
enough to power our homes and industries until a
lictle after the year 2000!

Our future reliance on natural gas depends on
how we answer these questions now: What is the
true extent of our natural-gas reserves? How fast
can we risk using them up? What price should the
users of the gas reserves have to pay? Should we
continue using this valuable fuel for electric-power
generation when other more abundant fuels will
serve as well? Or should we save it for use in homes
and in the chemical industry? (See the articles on
coal and wastes for information on man-made gas
fuels.)
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Do the oil companies own the United States?

The oil companies have hauled off huge profits by oil depletion allowances and
tax exemptioric. They have influenced the price of competitive fuels.

The oil companie. have hidden basic information on oil reserves and supplies.

The oil companies have fought proposals to develop mass transit systems, despite
the fact that mass transit would help to conserve gasoline.

in 1971, when United States oil production stopped rising, did the oil companies
help to prepare us for using less and less 0il? No! It is the opinion of this writer that we
were due for an oil crisis with or without Mideast oil. And what are the oil companies
doing today? Buying up stocks and shares and controlling interests in every imaginable

14

alternate fuel! | repeat:

Do the oil companies own the United States?

They do.
Leander Hero
Editorial Staff of the Sunday Star,
Hometown's Record of the News

0il — The Facts

Did you know that you can run a car and heat
a homie today because life forms existed billions of
years ago? You can walk on leatherlike shoe soles,
put a record on a record player, pick up a pencil
and doodle, and listen to the music all because life
forms existed so very long ago. Gasoline, oil, cloth-
ing materials, records, and pencil lead (graphite) all
have the same ancient history behind them!

planet was covered by shallow seas. Even then, the
one-celled creatures we call plankton lived in these
waters. Their remains settled to the bottom of the
ancient seas and were covered by other sediment.
The material underwent changes and, over millions
of years, collected as petroleum in scattered sub-
surface pools. Petroleurm, a highly prized
substance, is also called crude oil. Itis piped up to
the earth’s surface and stored in huge tanks or
piped to refineries. When crude oil is refined or
processed, it becomes many things as the chart
shows you. Notice how much oil we refine into
gasoline for our transportation purposes. So much

ERIC
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petroleurn is used in the United States today that it
amounts to almost half of all the energy that we
use,

- Percent
Products of Il | 7 - Uses
Gasoline 413 Motor fuel, solvents.
Keroseng 47 Range fuel, llluminant,
motor fuel.
Gas oil, distil late | 14.5 Domestic fuel, Diesel

fuel
Heavy fuels,.Diesel
fuel, gas oils.

‘Other fuel oils 253

Still gas 6.0 Refinery fuel.

Lubricants 24 Heavy and light ails
and greases.

Asphalt 23 Paving, roofing, paints,
chernicals,

Coke 0.6 Fuel, graphite, carbon
products.

Road oil 0.2 Roads,

Wax 0.2 Candles, sealing, water-
proofing.

05

Losses




Billion barrels/year

In the year 1971, the total United States con-
sumption of petroleum was 5.5 billion barrels.
From one-fourth to one-third of our oil has come
to us in recent years from foreign countries, chiefly
from Venezuela and the Middle East, Venezuelan
oil is abundant, But it is also so high in sulfur that
our present air pollution laws require costly pro-
cessing of this oil. Until recently, most of our
imported oil came from the Middle East.

There are two reasons why we are using more
oil each year. First, government tax policies en-
couraged the oil companies to sell o1l from our
own country and from foreign countries at low
cost to the consumer. With profits kepr high by tax
benefits, oil companies were able to develop effi-
cient ways of producing, transporting, and market-
ing oil and oil products from all over the world.
Second, as consumers, we grew to depend on oil
and its many products, expecting the supply to last
forever,

Now we know that oil supplies cannot keep
up with our increasing demands. The availability of
Forezign supplies is umertain (Sete the artic:le on the
amount to 37 billion barrels; This is enuugh to last
us only seven years. (Proven reserves are those that
can be produced and marketed under current eco-
nomic and operating conditions Passible reserves
are at least ten times greater.) Efforrs are being
made to tap new supplies in Alaska aud to explore
for oil off the Eastern coast of the United States.
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Perhaps 200 billion barrels of oil could be obtained
from deposits beneath the ocean floor. But objec-
tions to offshore drilling have been raised by en-
vironmentalists. They believe that the risk of per-
manent damage to marine life from oil spills far

outweighs the short-term benefits of offshore ex-
ploration,

We may choose to depend on the world's
total oil reserves, rather than rely on domestic
reserves alone, But even the world’s total supplies
will begin to drop off near the year 2000 if oil use
continues to grow at the expected rate.

A new source of domestic oil, previously
neglected for economic reasons, is now getting con-
siderable attention. This new source is oil shale. Qil
shale is a sedimentary rock found in layers beneath
the earth’s surface. From 25 to 30 gallons of low-
sulfur oil can be obtained from a ton of oil shale.

To recover oil from this rock source, the rock
must be crushed and cooked at such high tempera-
ture that the oil is released as a vapor. The vapor is
then condensed into oil.

Proposals have been made to produce oil from
oil shale IN-SITU (which means IN THE SAME
PLACE). With this method, explosives create a
cavity in the underground deposits of oil shale.
Natural gas is then pumped into the cavity and
fired. This process heats up the surrounding rock
and causes the oil to flow out of the rock into the
cavity. Finally, the oil is pumped to the surface.

While mining IN-SITU is favored by environ-
mentalists, many developers plan to use conven-
tional stripmining techniques. This will mean the
destruction of large land areas in Colorado, Utah,
and Wyoming, where most of our oil shale is
located. In addition, processing oil shale above
ground will create a huge disposal problem. The
waste rock will be larger in volume by 12 percent
than the original oil shale.

If we choose to develop oil-shale technology,
it could add 600 billion barrels of oil to domestic
oil supplies. But first we must decide what the
future role of oilis going to be in our society.

13
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Dateline: 1973- 1974

" 0il production is the biggest industry in the

world today. The United States is the biggest con-

sumer of oil in the world. We have 5 percent of the
world’s known oil reserves, And we are pro-
ducing—from our own land—about 12 million
barrels of crude oil daily. However, we are using
almost 17 million barrels each day.

The Oil Scene: 1973 - 1974

1, Petroleum provides half of all the energy con-

sumed in the United States.

bJ

Crude oil is needed to keep the present United
States economy going,

3. Almost all transportation in the United States is
based on oil. And, recent studies show that
energy use for transportation purposes is grow-
ing in the United States twice as fast as the rate
of population growth!

4, One-third of the United States petroleum
supply comes from foreign countries, especially
from the Arab states of the Middle East.

5. In early 1973, oil shortages are felt in some
areas of the country. Domestic oil production is
slowing down.

6. Demands for oil are increasing. Planners predict
that by 1980 - 1985, the United States will have
to import 60 percent of its oil from foreign
countries.

7. In late 1973, the United States is faced with a
sudden loss of oil supplies from the Middle
East,

RISIS

duction and the refining of foreign oil. Govern-
ment tax benefits made overseas oil investments
very profitable for American oilmen. Domestic oil
production and refining slowed down from 1970
to 1973, The oilmen complained that their plansto
build new refineries weie stopped by environ-
mental restrictions. Other people said that supplies
and shortages of oil were planned by American
oilmen to increase profits.
!

How Did The Qil Crisis Happen?

After the Arab-Ysraeli War of 1973, the Arab
states stopped sales of crude oil to all “imperialist”
countries. The United States was one of the coun-
tries named. The boycott, beginning on December
23, 1973, is the second attempt by Arab states to
push their economy forward. They want greater
control of oil production in their own countries
and greater profits too. The first boycott—during
the “‘Six-Day War’’ of 1967—was brief, but the
price of Mideast oil began to rise. A price of $1.80
per barrel in 1970 became $8.00 or $9.00 per
barrel in late 1973. The oil companies made huge
profits in 1973 as oil prices rose higher and higher.
United States citizens suffered great shortages of
gasoline and fuel oil. Early in 1974, the Arab boy-
cott was lifted. Qil supplies increased, but prices
remained high, and supplies still fell short of de-
mands.

8. Proven—as well as possible—oil supplies on
United States lands cannot last forever, perhaps
not past the year 2000.

How heavily should the U, §.
lean now and in the future o

Arab economy needs as many

“imperialist’” dollars as it can

get! Mideast oil supplies and st
what price are thosa supplies
worthwhile?

The Role Of The Oil Companies

The largest American oil companies have
international power. They controlled both the pro- -
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Dateline: The Future

Should we wy to keep up the oil scene?
Should we remain dependent on foreign supplies?
Or should we try to power our economy in other
ways? These questions face the United States now.
They demand clear thinking and careful planning
both for the present and for the future, Much of
the planning will revolve around the important
questions listed below. Are there other questions
that you think might face the energy planners for
the future? Do you have some ideas on how the
questions should be answered?

How long would a changeover from oil to
another fossil fuel or to a synthetic fuel take?
How long can we afford to wait for change-
overs, and do we waat to wait?

[0

. How much foreign oil will be available to the

United States in the future? Developing nations
around the world want to buy a greater and
greater share of the world’s oil that is for sale.

Should United States industry develop oil-shale
technology? In our country, the costs run high
for adventure into alternate fuels, The *‘re-
turns” for each adventure -r- stil mostly
unknown.

Suppose foreign oil, once :  u:n, becomes
try. Would we then choose the cheaper oil and
forget about the'danger of being dependent on
other countries?

Venezuela

Africa

Middle East

Cornmunist Countries

;WDELD OIL RESERVES e rmrsresessiomaen

Q
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United States Energy—A Prediction

Your Analysis

You will want to check out the information

that is shown on the graph above. It will help you
to answer the questions below: ‘

1.

When is the use of natural gas estimated to be at
a peak in our country?

Is the use of coal expected to increase very
much, some, or a little by 19852

. Is the usc of oil likely to increase by 1985 as

much as the graph shows? (To answer this ques-
tion, you might want to review both the oil and
the oil crisis articles in this booklet.) What are

the media—newspapers and TV news reports—
now saying about oil?

4, Which source is expected to increase the least

by 1985

5. How much energy is uranium (nuclear power)

expected to supply by 1985? Is this a large in-
crease over present levels?

6. What are your own reactions to the predictions

21

shown on the graph? Does the future of our
“total domestic supply,” for example, check
out with what you know about our present
sources Or not?



- A Statement For Nuclear Power —————— - —

Why do we need nuclear energy? Our electricity demands are doubling every ten
years. Our reserves of fossil fuels are being used up. They cannot supply our electric
demands forever, We need another source of energy—the nuclear source. Nuclear power
is available. It is the quickest solution to our energy problems today.

Nuclear power is clean. A nuclear power plant does not pollute the air with soot,
smoke, or fumes. And it is safe. A nuclear plant is built only after long investigations
into health and safety matters have been made, Then a license to build is granted, and
the construction is supervised. Also, all radioactive wastes produced by a nuclear plant
are carefully disposed of according to rules set down by the Atomic Energy Commis-
sion. In short, a nuclear power plant is a good neighbor—clean, quiet, and helpful.

Do you know the danger in store for you if you accept the soft-sell on nuclear
power without getting all the facts? Suppose you were told that millions of families
could now have all the cheap electricity they want through nuclear fission—and that
only one ounce of radioactive waste will be produced each year for each family that is
served. Think it over. Do you know what the real costs are?

Nuclear wastes are deadly. They are highly radioactive, and radioactivity is known
to cause birth defects, heart disease, cancer, and even death. Today, each nuclear
fission plant presents two corstant threats to our environment. One is the release of
radioactivity through accidents at the plant. The second is the release of radioactivity
from the wastes which the plant produces,

We have already had too much of both of these threats. An airplane crashed
recently one-half mile from a Colorado nuclear plant. Who is to say that it could not
have crashed even closer? Freak accidents are always possible both from inside and
outside the power plant. Also, the methods we are using to get rid of the wastes of
nuclear fission are not foolproof. We have buried the wastes in double-walled steel and
concrete tanks, But leakage from these tanks has occurred and has threatened the
ground water supplies of nearby areas, .

Think again about the costs, How many millions of pounds of radioactive wastes
—which remain highly radioactive for hundreds or thousands of years—do we really
want ourselves and our descendants to live with on this planet?

What Is Nuclear Power Today? power might be increased to supply 23 percent of

our nation’s electricity demands by 1980. Whether

Nuclear power today provides about 5 per- the estimate will come true or not remains to be

cent of our nation’s electricity. This amounts, as seen, Today, the future of nuclear power in our

you saw on the Energy Pie previously, toless than country is a matter of grear controversy. The pic-

1 percent of our total energy consumption. It is ture is always changing, based on consumers’

théught by many that the use of nuclear power needs, available technology, and concerns both for
will grow, In fact, it is estimated that nuclear the economy and for the environment.
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Fission

Nuclear power plants produce energy in a
reactor by a process of splitting large atoms into
smaller atoms. This process is called fission. A
small particle of matter—a neutron-hits the nucle-
us of a uranium atom and combines with it, Then
the whole thing breaks into two large fission frag-
ments releasing a large amount of energy. Two or
three free neutrons are also released. The free neu-
trons strike other uranium atoms, causing more
fission and releasing more neutrons to split more
atoms, This series of events is called a chain reac-
tion, The large fission fragments produced in the
chain reaction heat up the reactor core as they
collide with other atoms. Thus, the energy released
in fission is converted into heat encrgy.

Cham Reactmﬁ

The heat produced by fission is used to pro-
duce electricity in nuclear power plants. The heat
is used, as it is in a fossil-fuel power plant, to
change water inm steam, The steam spins a tur-

prcduces ElECtl‘lElfy The main difference between
a nuclear power plant and a fossil-fuel power plant
is the method used to pdeUCE heat. In a fossil-fuel

- power plant, the heat is produced in a boiler by

burnmg coal, oil, or gas. In a nuclear power plant,
heat is produced in a reactor by a controlled chain
reaction of uranium atoms. There is another differ-
ence between fossil-fuel and nuclear power plants.

B

Itis the amount of fuel needed to produce the heat
that eventually runs the turbine, One ounce of the
uranium fuel that is used in the fission process can
produce as much power as 100 tons of coal.

The Boiling-Water Nuclear Reactor

The type of reactor most commonly used in
the United States today is the boiling-water nuclear
reactor.

1. Reactor Core: Small pellets of uranium fuel
are sealed in metal tubes. These tubes are com-
bined into bundles and held in place by a grid.

2. Control Rods: When fission is occurring too
frequently, a few control rods are inserted into
the reactor core. The rods slow down the chain
reaction as they absorb free neutrons which
might otherwise cause fission. When all the rods
are fully inserted between the fuel reactions,
the chain reaction stops. As the rods are grade
ually withdrawn, the power level of the reactor
increases,

3. Moderator and Heat Transfer Agent: The water
flowing through the core of the reactor does
two things. First, it slows the speed of the free
neutrons, The slower moving neutrons have a
greater chance of causing fission. Second, the
water carries heat energy away from the reactor
core as it boils and forms steam. The steam is
used to generate electric power,

4. Reactor Vessel: Since the reactor produces
steam at high temperatures and pressures, a
strong housing is needed. The housing also acts
as a radiation shield. Harmful radiation from
radioactive wastes produced in the reactor is
stopped by the reactor walls.

Our Nuclear Past

In 1942, during World War II, our government
began research on the military uses of nuclear pow-
er. Three years later, the Americgn public heard of
the atomic test bomb that exploded in New
Mexico with the force of 17,000 tons of TNT, The
test bomb was followed a month later by the
bombing of Hiroshima and of Nagasaki in Japan.
The loss of human life—92,000 in Hiroshima and



40,000 in Nagasaki—shocked the world., Nuclear
explosions had ended World War II. But the des-
tructive power of nuclear enegrgy became a con-
stant threat to all people around the globe.

The Atomic Energy Act

The Atomic Energy Act of 1946 created the
Atomic Energy Commission (AEC). This govern-
ment agency still directs the development, use, and

control of nuclear energy for defense and for
peaceful applications. In 1954, the Act was chang-
ed so that industry could work with the AEC to
develop more uses of nuclear energy.

A second change in the Atomic Energy Act
came in 1964 when industry was permitted to buy
and own nuclear fuel, rather than just lease it from
the government.
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The Promise Of Nuclear Electric Power

The biggest peacetime use of nuclear energy
has been for electricity. The electric utility com-
panies were quick to act in 1954 when the govern-
ment opened up nuclear technology to industry.
Together, the Atomic Energy Commission and the
utilities made nuclear electric power into a multi-
billion-dollar industry.

Nuclear power plants seemed to have many
advantages over fossil-fueled plants. For the can-
sumer, the price of nuclear ¢lectric power was as
low as power produced by other means. And the
nuclear power industry pramised even lower rates
in the future,

Nuclear power stations Were quiet and attrac-
Q
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tive. They also appeared to be clean, producing no
visible air pollution.

The producer found the cost of uranium fuel
lower than other fuels. (For ten ycars, the govern-
ment absorbed some of the cost of producing
uranium fuel.) Shipping and storing nuclear fuel
was also easier and cheaper since only small quan-
tities of fuel were needed. For example, a million-
kilowatr nuclear plant needed only 35 tons of
uranium fuel per year. A coal-fired plant of equal
power used 2 million tons of fuel per year! A
nuclear plant was refueled only once a year. A
fossil-fuel plant needed continuous refueling.

Nuclear power appeared to be a clean, cheap,
efficient way of meeting the public’s demands for
more and more electric power. It was also a way of

21
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saving valuable fossil fuels for other purposes.

In 1956, England was the first countrv to pro-
vide homes and businesses with electricity from a
nuclear power plant, America soon followed and
soon outran England in sheer output of nuclear
energy. Here, the first big nuclear station began
operation in 1957, in Shippingport, Pennsylvania.
This plant still provides electricity to the Picts-
burgh area, Both power plant “‘firsts” were con-
structed near plentiful supplies of water. Later,
you will find out why,

By late 1967, eleven nuclear power plants
with generating systems larger than 10,000 kilo-
watts were operating in the United States.

In late 1973, there were thirty-seven nuclear
power plants operating in the United States, How-
ever, due to safety problems, twelve were shut
down for repairs and only five were operating at
full capacity. An additional fifty-seven nuclear
plants were in the construction stages in late 1973.
If these are completed—and the eighty-nine more
that have been planned—then, according to the
Atomic Energy Commission, the nation’s electri-
city future will be much brighter.

Nuclear Or Not—Where Do You Stand?

By the year-2000, the nuclear industry hopes
to supply over half our nation's electric power, The
government supports turther development of fis-
sion power. But environmentalists and concerned
citizens oppose present plans for nuclear expan-
sion, They are worried about matters of health and
safety. They feel that many questions must be
answered and many problems solved before we
invest our future in nuclear fission. The problem
areas are described in the following sections, After
reading them, reread the earlier statements for and
against nuclear power. Then decide for yourself
where you stand on the issue of “nuclear or not.”

Thermal Pollution

Nuclear power stations need large amounts of
water for cooling. When this hot waste water is put
into nearby waterways, it changes the environment
in and around the waterway. Changing and des-
troying the natural balance of life in a waterway is

20

called thermal pollution. The first nuclear stations
caused a great deal of thermal pollution, Later,
cooling towers were constructed to conl the waste
water before returning it to waterways. However,
this method is quite expensive,

Radiation And Human Life

The fission products or wastes produced in
the reactor of a nuclear power plant are highly
radioactive, This means they emit large doses of
radiation (energy in the form of parricles and
waves). This radiation cannot be deteeted by the

The cell is the basic unit of life, When radia-
tion is absorbed, it can produce abnormal changes
in human cells and can even kill them. Qur bodies
continually grow new cells to replce dead ones,
But large doses of radiation can caus¢ permanent
damage by killing more cells than our bodies can
immediately replace. The abnormal changes in cells
produced by radiation may one day lead ro cancer
or leukemia (blood cancer).

The unit used to measure the biological effect
of radiation on man is the millirem, In many areas
of the United States, natural radiation from the
sun is 125 millirems. Medical and denval X rays
could add another 50 millirems, The AEC and the
nuclear power utilities claim that modarn technol-
ogy has reduced the radiation danger fram nuclear
plants to less than 1 millirem per year, ‘They often
describe you, the consumer, spending the rest of
your life living near a nuclear plant and getting less
total radiation from the plant than from one chest
X ray,

However, many scientists estimate that natu-
ral radiation probably causes from § vo 10 percent
of human health problems, such as birth defects
and premature death. Many citizens don't want to
add even more radiation to the environment from
possible accidents at a nuclear plant or from poor
disposal of the radioactive nuclear wastes that a
nuclear planr produces,

Radiation increases the risk of future cancer
or leukemia fifty times more when it offects an
unhorn child than an adult, The peried between
radiation exposure and leukemia takes faur or five
years, Other cancers may occur as long as twenty



E

Q

years after exposure. Has this length of time made
us less aware of the real threat that radiation is to
human life?

Radioactive Wastes

Great care is taken to see that radioactive
wastes in a nuclear power plant do not escape into
the environment, But small amounts do appear in
the gaseous and liquid wastes leaving the plant.

Once the fuel in a reactor is spent or used up,
the fuel rods are removed and shipped in shielded
containers to a reprocessing plant. There, valuable
uranium and plutonium arc removed., Then the
radioactive fission products are stored in sclution
in double-walled tanks. After five vears, the solu-
tion is evaporated and the solid fission products are
sealed in steel containers. I .nally these containers
must be safely stored for a thousand years or more
until the radioactivity goes down to a safe level, A
plan to bury these wastes in salt mines is now being
tested. Another plan is to shoot the wastes into the
sun on rockets. No disposal plan yet invented is
foolproof against possible accident. Leakage from
the tanks of liquid radioactive wastes has already
occurred in a number of places,

Danger Of Accidents

A serious accident or explosion at a nuclear
power plant would be a catastrophic event. The
quantity of radioactive wastes in a reactor is many
times greater than the radioactive fallout released
by the bombs dropped at Nagasaki and Hiroshima.
Since most nuclear power plants are located in
populated areas, a serious accident could result in
thousands of deaths due to radiation exposure.

The chance of a serious accident is very slim
indeed. But the chance remains. Many people feel
that the safety systems need additional testing and
that construction of new plants needs stricter
supervision to insure the public against possible
disasters,

The Problems Of Uranium

Uranium, the material which fuels a nuclear
reactor, might scem to be an ideal fuel. Small
amounts produce huge amounts of power. And,
since only small amounts of uranium are needed,
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storage and transportation are fairly easy.

But the use of uranium fuel does present
some problems:

1. Only 1 percent of the uranium found in nature
is useful as a fuel in our present nuclear fission
reactors. This small part, called uranium 235,
undergoes fission when'struck by neutrons. The
remaining 99 percent of natural uranium, called
uranium 238, is not fissionable.

2. Huge amounts of electric power are needed to
produce uranium fuel from natural uranium,
The fuel contains a larger percentage of the fis-
sionable material, uranium 235, It is produced
from natural uranium by a process known as
uranium enrichment. In 1973, 3 percent of our
total electric power use went to uranium enrich-
ment,

3. We are rapidly using up our reserves of uranium,
In less than 30 years, low-cost uranium will be
in very short supply.

Fast-Breeder Reactors: The Future Of Fission

A new type of reactor is now being developed
which could make our uranium reserves lasr for
thousands of years, The reactor, called the fast
breeder, produces its cwn fuel by changing ura-
nium 238 into plutonium, Plutonium is a fission-
able material which can fuel the fast breeder once
it is produced. In this way, 100 percent of natural

uranium would be used as a fuel instead of only 1

percent,

The breeder reactor is still experimental, but
it might be available between 1985 and 1990,
However, critics of the fast breeder are worried
about accidents. They point out that the first one
that was built had to be shut down, It “self-de-
structed” due to intense heat, The breeder operates
at a higher temperature than the present-day
reactors operate. Therefore, the threat of explosion
is greater. The production of plutonium in large
quantities presents another danger. Plutonium is
perhaps the most dangerous of all radioactive mate-
rials. And it remains highly radioactive for thou-
sands of years.
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inhe Promise Of Fusion

Many scientists feel that we can auplicate and
use the sun's way of gencerating heat encrgy. The
sun s a giant nuclear furnace It has been blazing
for over 4,000 million vears. The cnergy which
reaches our planet as heat and light comes from
fusion explosions inside the sun, Simply stated, fu-
sion 1s the joining of two light nucled, such as the
nuclei of hydrogen. The two are joined into one
heavier nucleus, such as helium, with some parti-
cles and a great deal of heat energy left over, For
ages and ages, fusion energy from the sun has made
life possible here on Earth,

Experiments to control and use nuclear tusion
have been going on for more than twenty years,

hydrogen bomb. However, controlled fusion is still
experimental today. We have not yet built a fu-
sion-based nuclear power reactor. In 1974, $80
million of government money was set aside for
fusion rescarch and development. However, this

amount s siall compared to the $400 million that
was setasile to further develop nuclear fission,

I'here are ieal advantages to nuclear fusion as an

eneryy source The advantages melude,

I, A guaranteed supply of cheap fuel The pri-
mary fuel for fusion 1s a form of hydrogen
known as deuterium or heavy hydrogen, We can
casily obtain enough heavy hydrogen from the
ocean waters on our planet to last us hundreds
of millions of years. And the cost to isolate this
plentiful fuel from water may be smaller than
the cost to obtain fossil fuels or uranium.

2. Much less danger than nuclear fission In case
of an accident in the reactor, fusion reactions
stop immediately. There is no danger of nuclear
explosions as there is in a fission reacror. Radio-
active materials are produced in fusion reactors,
But the amount of radioactive waste from
fusion is very small compared to the wastes
from fis< n,

FISSION =i ()

Fission Fragments and Netitrons

Negtron U?BS

@,

FUSION

3 i
Q

ERIC

Aruitoxt provided by Eic:



Q

E

Aruitoxt provided by Eic:

RIC

The tinical Problams
To make fusion power work for us, we must

carry out the toliowing sieps.

fleat a small quantity of tusion tuei o about
100 million degrees € At low temperatures,
nuclei do not fuse. Electrical forces between the
positively  charged nuclei tend to keep  the
nucler apart, But at very high temperatures, the
nuclei have enough energy to overcome the
clectrical forces and to erash rogether and fuse,

2

.

Keep the fuel hot long enough for many fusion

reactions to take place. Then the energy re
leased in the fusion reactions will be much
preater than the enagy needed to hear the fuel,
i he Bot fuel miust also be kept away frowm dhe
walls of the reacror since the walls would melt
and vaporize at such high temperatures.

Convert the energy released by fusion into
clectricity .

Scientists are presently working on steps 1
and 2, They have found scveral ways of heating the
fuel and confining it long enough for fusion to take
place.

Schernatic disgram of a thermonuclear reactor, The hol
plasma is held in place or “contained” by the magnatic field
of the coils and the thermonuclear reactions take place in
the hot plasma. In an actual reactor the energy generated in
the thermonuciear reactions would be carried away by a
coolant much as is done in a fission reactor, or possibly in
the same coils that produss the containing field.

Electrical
Generator

—

High Temperature

Plasma

Containing Coils

The Magnetic Bottles At very high tempera-
tures, the hot gas fuel becomes a plasma, a gas of
electrically charged particles. The plasma is made
up of the nuclei and the electrons of the original
fuel matter, Scientists use a doughnut-shaped
“magnetic bottle” to keep the hot plasma away
from the walls of the reactor. The ‘‘magnetic
bottle” is really a strong magnetic field which
makes charged nuclei follow a curved path along
the magnetic lines of force. So far the energy
needed to create the magnetic field and heat the

Laser Fusion In another scheme, a pellet of
fusion fuel is dropped into a vacuum chamber. It is
bombarded with laser beams which heat and com-
press the fuel, creating a very small nuclear fusion
:xplosion. Hundreds of these explosions are
needed to make fusion power useful.

Difficult technical problems remain to be
solved before fusion can ever produce electricity.
However, scientists do feel that if enough money is
spent for research, fusion reactors would be avail-
able for commercial power production by the year
2000,
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Powergy From The Earth

When people wareh Old Faithiul send a foan-
water hnigh ineo the air, or see
forth v,
mmstde of the Earth is hot-
about +000°C ar the center. The heat energy inside
the  Farth o called geothernal energy. Many
seientists believe the heat is produced by the deeay
of radioactive maierils in the Earth's interior. In
most places, the heat spreads out as it flows to the
But in

tain ot hoiling

flanming voleano  pour malten they

realize something, The

Farth's surfiuce and s barcly noticeable,
some phices, such as voleanic regions, rthe heat is
concentrated, Temperatures of 3009C to 600°C
may cxist only 1,000 merers below the Farth's sur-

face,

Naturally, people have ashed, “Why not make
use of the heat energy inside the Earth?” Some
people already have, In Reyvkjavik, Iceland, people
have been heating their homes for twenty-five
years with natural hot water piped from an under-
ground source. A geothermal steamfield plant n

JN{LTL“(’) |[ le hl% been pmvulmg LlLLU’lUty ro

So tar, rur nation’s only geothermal power
plant is in the gevser area north of San Francisco,
Calitornia, Here, hot rocks beneath the Earth’s sur-
face turn water from an underground lake into
steam. The steam rises through natural openings in
the Farth. The steam is pumped to a power plant
-md m‘cd to gencmtv clccrricir\' for the city of San

The source of the heat in all cases is molten
rock. However, the way the heat gets to the surtace

to be used depends on the geological conditions of

the area. There are three types of geothermal

sources:

1. “Dry” steam from underground reservoirs that
springs up from its oww pressure Geysers of
natural steam, however, are very rare.

2. Hot water and steam from underground that
must be tapped by wells This is the source pres-
ently used by most geothermal power plants.

a well is drilled, the steam is forced to the
SU!‘(;IL‘C l)}f Il;!lf\.ll'éll ])I‘ESSUI‘CS; ElCC[l’iC p()WEI‘
from geothermal plants is competitive in price
with power from fossil-fuel plants. Unfortu-
nately, there are nor many natural underground
airs of steam and hot water.

Onee

Fese:

3. bry hot rock which is used to heat water The
water is pumped down from the surface
through a hole drilled by an oil rig. The water
pressure cracks the rock; the water is heated
and percolates up a second hole, Of all three
sources, this one offers the greatest possibility.
There are at least a thousand hot rock beds in
the Western states and some in Pennsylvania
and upstate New York, But so far, this method
has not been tried.,

In 1974, the United States set aside almost
$45 million for geothermal rescarch and develop-
ment. By March, 1974, a large number of appli-
cations—2,456 to be exact—had reached the federal
Department of the Interior. Each of these applica-
'mcb()dy’ pl.in to explore federal
0 you thml\ geo-
ce in the

tions u;ntu 15
termdl Lnu*gy might be a 1)1;_, anrg)
future?

geothermal

Tapping energy presents some

problems:

The hot water and steam often contain salts and
other minerals that clog and corrode the well
shafts and the machinery of the power plants.
Since many of these minerals are harmful, they
must not be allowed to enter the atmosphere or
nearby waterways.

—

2. No one knows how ground water supplies are
affected by withdrawing hot water from under-
ground reservoirs,

3. Injecting water into hot rock beds may cause
shifts in the Earth’s crust.
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Spaceage Windmills

Can we put winds to use to help produce elec-
tricity? Can we store the energy produced during
periods of strong winds for times when the wind
dies down but the energy is still needed?

The answer to both questions is yes. The
power of the wind is enormous. It is a clean source
of energy. It is constantly renewed as the sun’s
energy warms up the atmosphere. However, we
must consider how much wind power we would
want to use. Suppose we suddenly wanted all the
electricity for the United States to be produced by
windmills. It would require windmills 300 feet high
and a mile or two apart across the whole country,
Would this be pracrical?

a practical way of producing electricity. Coal and
oil are scarce there and water power is in limited
supply. Also, Denmark’s strongest winds occur in

greatest. Even back in 1915, Denmark had 3,000
windmills in operation,

Wind can produce eclectricity rather easily.
The wind pressure against the windmill’s vanes or
propellers produces a rotary motion. The propel-
lers spin a shaft which turns the coils of a gener-
ator, thus producing electricity. When wind speeds
increase, wind pressure increases too and more
electric power can be produced. The problem arises
when the wind dies down. Then the generators
stop. If power is needed on a small scale, clectrical
energy can be stored in batteries and the batteries
can supply power on windless days. In the United
States, thousands of windmill generators are used
to light farms and charge batteries in areas where
electric utilities do not supply electric power.

WIND

The use of wind generators as a major source
of electric power is not likely in this country. Huge

windmill generators are expensive to build. Also, a
convenient method would have to be found to
store energy on a large scale. Electric power from
wind generators could be used to produce hydro-
gen gas from water. The hydrogen gas could be
stored and used for fuel when needed. However,
the use of hydrogen would require changes in pre-
sent technology. (See the articles on fuel cells and
the hydrogen economy.)

But in certain areas of the United States
where winds are strong and stezdy, wind power
seems to be the best source of energy. Would the
area around your home or school be a good site for
a windmill generator? High mountain regions are
good because of their openness to strong, steady,
and prevailing winds. The shape of the mountain,
however, can sometimes slow down the flow of the
wind.

In 1973, the United States government
launched a five-year program to develop new wind-
mills for use in certain rural localities. For ex-
ample, an experimental windmill might soon
produce electric power for a few families in rural
Ohio. This windmill has blades of steel or Dacron.
It can provide power at an even rate as long as the
wind is above 18 miles per hour. As the speed of
the wind changes, self-adjusting hinges change the
position of the blades to keep the blades rotating
at a constant speed.

Orther nations of the world are seriously inves-
tigating the windmill’s possibilities too. They are
Russia, Britain, France, Spain, Israel, Egypt, India,
some African nations, and Argentina,
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Garbage Power

A man named Harold Bates, who lives In
Devonshire, England, runs his 1953 automobile on
L‘hicken and pig dmppingﬁ M;my r’;‘:f thf pCQplc of
from thf: streets. th,y use it to h::al: their homes
and to cook their meals. Some of the cities in
Europe and the United States are turning their gar-
bage into heat and electricity.

Can waste muaterials help to ease us out of the
energy pinch? To answer this question we must
know these things:

1. Which waste materials can we convert Into use-
ful cnergy?

2. What technology do we need to convert garbage
into *‘garbage power?”

3. How much energy can we get by converting the
usable wastes?

4. How much will we have to pay for garbage-
power?

Which Matarials Can We Use?

Every yecar, the United States produces three
billion tons of garbage. This amount does not
include cither sewage wastes or the wastes from
industry. Garbage removal alone costs us $3 billion
a year, There are othier costs, too, such as removing
solid wastes from sewage so we can clean up the
water, We spend waste disposal money on inciner-
ators, landfills, and even on filthy open dumps.
Sadly, what we often get for our money is pollu-
tion, caused by the burning, burying, or dumping
of our wastes,

IﬁﬁThree Billion Tons A Year ===
3 T Urban Wastes: About evenly
memm e divided between solid
wastes collectad by gar-
bage trucks and human
organic wastes in sewaga.

Wastgs: Animal
billion tons)
wastes and
vastes.

Agricultural
manure (2
and other farm
rural residential

Pr——— im billions
] ]

Can we put our waste disposal money to
better use and help to fight pollution as well? One
speaker for garbage-power has said that the wastes
from a family ol five, plus an animal or two, plus
all the household garbage, could be converted into
85,000 Btu's every day—enough to supply the
whole family’s needs for household fuel!

Wastes might appear to be a cheap source of
power, a source which is continually rene ved. The
daily garbage of our cities and towns, and the or-
ganic wastes from animal feedlors, food processing

plants, and municipal sewage are available in great
quantities. We have the technology to convert

these wastes into useful power. However, collect-
mg, transporting, and sorting solid wastes is expen-
sive. Presently these high costs limit the use of
garbage for power production.

Conversion Technology

Anacrobic Digestion Methane gas is the chief
ingredient in natural gas. Did you know that meth-
ane gas is percolating beneath many of our sanitary
landfills? This gas is produced as bacteria decom-
pose organic wastes buried in the soil. The process
is called anaerobic digestion (digestion in the
absence of oxygen)., Some people have suggested
that we tap and use methane for fuel by drilling
wells into a landfill and then pumping out the gas.

n a landfill, anaerobic digestion is an act of
nature, We know how to imitate that act. We can
use anaerobic digestion to turn our scwage wastes
and the animal manure from our big farms into
methane gas. To do so re’quires a series of big stor-
age tanks and a network £ pipes, After the organic
wastes have decomposed, the methane gas can be
pumped out and used.

Methanol Methane gas is a substitute for
natural gas. Also, it can be converted into a sub-
stitute for gasoline, called methanol. Actual road
tests have proved that a mixture of methanol and
gasoline can give better mileage cause less air pol-
lution, and be less expensive to use than gasoline
alone. Can you understand now how Harold Bates
fuels his automobile?
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,,,,,, s have used
fmm lmrnmg ;j.xrhagg to run huilcr furnaces, Steam
power from the hoilers is then converted to clecte
In North America, only a few small incin-
systems are now operating. But

power.
erator-to-clectric

b} mid-19/7, the St. Imus area plans to l)cu’}mg

the first region in the United States to use all of its
solid wastes ta generate cleetricity. Under the plan,
glass and metais will be separated from the garbage.
The remaining waste wnll be shredded, mixed with
coal, and then used as a fuel tor clecme-power
generation,
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Incineration, uther fur ;Jarbage disposal or for
energy use, is controlled in the United States by
the Clean Air Act of 1970. Since it is possible to
iacinerate waste without polluting the air, we may
%Uﬂ]éﬂ’ly see much Df our gzlrhigc 1'ecyf;‘1€d into
into th:gtru: power could pmwdc up to 3 pc:ru;nt
of our total energy demand. 7

Pyrolysis In this process, organic wastes of
all kinds including plastics are ‘‘cooked™ or
“roasted” at very high temperatures in the absence
of oxygen, Without oxygen the wastes decompose
hut do not L)urn Oils, gﬂ‘ii“i ch;u" and water are
The chgr 1S3 pDE;SlL)lE Loa,l subg.tltutr:. Ir can also be
used to make filters or fertilizer.

Recover, Recycle, Reuse

Our garbage can really work fer us, and in
ways that help us preserve the environment. Let’s
consider the example of a typical city’s daily gar-
bage. It is a huge amount, in tens or hundreds of
tons. Almost half of it is paper. The citizens of the
city could help by separating their paper wastes
from the rest of the garbage before everything 1s
collected.

The garbage can then be put to good use.
Some wastes can be recycled and reused. Others
can be turned into the fuel substitutes we want—
substitutes for natural gas, gasolinc, coal, or fuel
oil. Here are the steps we can take:

1. Remove large metal objects (such as washing
machines) and some paper wastes from the gar-
bage. Recycle the metals and the paper.

o]

Shred the rest to reduce the volume of the gar-
bagc.

3. Remove organic wastes and process them by
anaerobic digestion into fuel and fertilizer.

4. Remove small metal picces by magnets, Recycle
the metals.

5. Remove glass. Recycle the glass or use it in con-
struction and road building.

6. Recycle the rest (about 20 percent of the orig-
inal volume of the garbage) into the desired
fuel-substitute by pyrolysis. The products of
pyrolysis can be varied at will by changing con-
ditions such as the timing and the temperature.

o 32 29
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Directly From The Sun To You

You know that the sun is the source of all
energy on Earth, Energy from the sun provides us
with the foods we eat. Stored solar energy has pro-

use the sun’s energy as a direct source of fuel are
being developed, Tovee of the new plans for solar-

2. Onssite collection of the sun’s heat and con-
version of heat to electricity Tested conversion
systems already provide space heating and hot
water (and someday perhaps air condirioning
and cooking too) on a direct sun-to-house basis.
Once installed, a solar energy system can supply
almost free fuel. Also, the user can worry less
about blackouts, power failures, or the rising

SOLAR

CHCTEY USC are:

I. Central power stations or “solar farms” The

sun’s heat can be collected on deserts, perhaps,
or ever in the scas and then converted into
electricit. The electricity can then be sold to
homes and industries.

cost of fossil-powered electricity.

3. Conversion of solar energy to electricity in
space Satellite power stations could beam elec-
tricity down to the Earth at microwave frequen-
cies. By orbiting the satellites above the Earth’s
weather conditions, a constant energy source
would be guaranteed. However, there is some



A TYPICAL SOLAR—ENERGY COLLECTING PANEL

danger that this plan, which is still a theory,
might be harmful. We need to know how our
environment might be ~ffected in the lorg run
by satellite-beamed microwaves from space.

Solar Energy: The Current Scene

The federal government allocated $12 million
for solar energy research and devclupraent in 1974.
This was the largest amount of federal money ever
put to solar energy use, although it may seem small
in contrast, for example, to the $400 million set
aside for nuclear fission research in 1974,

New solar energy projects are rising up all
over the country today. By 1974, twenty-five solar
powered houses were in operation. These were
either privately built or built by universities. As
early as 1938, workers with the Massachusetts

Institute of Technology had built the first solar
house. They knew that the sun radiates an average
of 1000 watts of energy daily on each square meter
of earth, and they made use ot that energy. Do you
know how it can be done?

1. First, a black metal plate is heated by the
sun, When the plate is hot, it is covered with
glass. The glass cover does two things. It traps in
the heat (specifically, the infra-red rays) and it
allows the sunshine to heat the plate even more.

2. Second, the trapped encrgy must go into use-
ful channels. Usually a fluid—either air or water
—is pumped in to carry the heat away to where
it can be used.

3. Then, the heat which has been carried off
and stored can be used to boil the water which
produces the steam that runs a generator!
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They Aren‘t Science Fiction!
A Look At Two Solar Enarny Projects

The Delaware Project

In a house at the University of Delaware, roof
panels—similar ro the typical solar collectors which
are illustrated —collect heat, But something new has
been added to this solar experiment, which scien-
tists are calling the most technically advanced solar

Photons Are Energy-Carriers

A solar cell uses certain semiconductor mate-
rials, such as silicone, which will absorb light and
generate electricity directly, without an inter-
mediate heat stage. The diagram shows you what a
solar cell is composed of, In addition to their use
on the house at the University of Delaware, solar
cells are pifto use in space technology.

project ever seen. The panels contain cadmium sul-
fide solar cells that turn part of the solar energy
directly into electricity. Behind the panels, air is
kept circulating. It keeps the cells from overheating
and carries off the excess heat to the basement for

— THE SOLAR CELL ————— —
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SCHEMATIC DESIGN OF SOLAR POWER PLANT (not drawn to scale)- e - ————

The Floating Power Station Plan

Although it is still in the planning stages, ideas
are being shared and costs are being considered
now for putting power plants—run by solar energy
—into the ocean, Someday you may be using “solar
sea power”’ to heat and light your home! Here is a
simplified version of the plan:

The floating power station could be anchored in
Q
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a warm ocean current off a coastline. Hanging
beneath the power station would be a pipe ap-
proximately 35 feet in diameter and reaching a
depth of a half-mile. Surface water which has
been warmed by the sun is piped into an evapor-
ator, A vacuum produced in the evaporator
makes the water boil. The steam is directed to a
generator and then condenses the steam back to
water. The water is returned to the evaporator,
and the cycle repearts itself.
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Most of the schemes to tap new energy
sources include converting the energy into electric
power. Wind energy, solar energy, nuclear energy,
and geothermal energy could all be used to gen-
crate electricity at large central power stations. For
environmental or other reasons, these power sta-
tions would probably be built far from population
centers. Underground transmission lines would
carry power to distant consumers,

But is t's the most.efficient way of distri-
buting and using energy? Should ¢ be moving
toward an “‘all-electric’’ economy?

NG OUTRE
HYDRO

WAYS
EN EGONOMY

Some people think that a synthetic fuel
would be cheaper to deliver and easier to use than
clectricity. The best candidate for this synthetic
fuel is hydrogen. At the central power station, elec-
tric power could be used to break down water into
hydrogen and oxygen. This process is called elec-
trolysis. The hydrogen could then be transported
to the point of use by pipeline (the way natural gas
is transported now), There it could be burned as a
fuel or used to operate a fuel cell for electric
power.,

Nuclear
Power
Station

Underground
Transmission
and Storage

L— A PROJECTED PLAN ———
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This scheme, known as the hydrogen ccon-
omy, solves several problems at once. First, i
solves the storage problem, Electric power must be
used at the rate it is produced. It cannot be stored.
But hydrogen can be stored underground or lique-
fied and stored in tanks for times when power
demands are greatest, During times of less demand,
the excess power produced at the power station
can be used to increase the supply of stored hydro-
gen,

The hydrogen economy also provides a
cheaper, more efficient way of transporting power
from the central power station. Gas pipelines are
the cheapest way to transmit energy.

Finally, a large supply of cheap hydrogen is
very desirable, Pure hydrogen is a clean, nonpollut-
ing fuel. Its only combustion product is water!
Home furnaces and industrial equipment can be
converted to run on this clean-burning fuel rather
than on fossil fuels. Cars can also run on hydrogen.
An engine tueled on hydrogen can deliver as much

You have already learned how the chemical
energy in fuels is converted to electrical energy at a
power plant. First the fuels are burned to produce
heat. Then the heat energy is converted to mechan-
ical energy and finally to electricity. The entire
process is only 40 percent etficient.

A fuel cell can do the same job—but much
more efficiently! It converts the chemical energy in
fuels directly into electrical energy. For this reason
it is called an electrochemical device, These devices
are being designed to run on many types of fuel,
but the basic fuel cell runs on hydrogen and oxy-
gen. A hydrogen/oxygen fuel cell is almost 100
percent efficient.

How It Works
A fuel cell works in much the same way as an

ordinary dry cell or storage battery. It has two
electrodes joined by an electrolyte, a substance

RIC
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power as a gasoline-fucled engine, And it will burn
more cleanly, prodneing warer and only small

amounts of nitrogen oxides.

fydrogen may also be used to generare clece
tricity at local power stations, With pure hydrogen
readily available, fuel-cell generators become much
move atractive. As desaribed below, fuel cells are
very efficient and can be built to supply clectric
power to individual homes, to commercial build-
ings, or to a large city.

Critics of the hydrogen economy say that
hydrogen is too dangerous to use in the ways des-
cribed above. Hydrogen gas is highly explosive, and
only a small spark of static clectricity provides
enough energy to start a hydrogen fire. But indus-
try has found ways to handle hydrogen quite safe-
ly. If safety measures can be found and fossil-fuel
prices continue to rise, we may very well switch to
hydrogen as our basic fuel. Then the world would
be a far cleaner place to live in than it is today.

UTE FUEL GELL

which conducts electricity. A chemical reaction in
the cell produces an electric current in an external
circuit. But unlike a storage battery, fuel cells do
not contain stored chemical energy. Instead, a fuel
gas such as hydrogen is supplied to one electrode;
air or oxygen is supplied to the other. In the cell,
the hydrogen and oxygen combine to form water
and release electrical energy in the process. Aslong
as the fuel gases are fed to the electrodes, the fuel
cell continues to operate.

The Advantages

Fuel cells can provide a clean, safe, conve-
nient way of generating electricity. Because of
their greater cfficiency, they require less fuel to
produce an equal amount of electricity than do
conventional or nuclear power plants. They do not
burn fuels, so they produce no air pollutants, And
since they have no moving parts, they make no
noise and are free of vibrations,
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One big attraction of tuel cells s their texi-
bility, They can be built in larpe or spall vnits
depending on how much power is needed. A single
cell produces only a small current. But™ many,
many cells connected in series might produce
enough power for an entire ciny,

Fuel Cell Applications

In 1959, the first practical fuel cell was de-
veloped. It could power a forklift truck, a circular
saw, or a welding device, NASA used hvdrogen/
oxygen fuel cells in the Gemini and Apollo mis-
sions because they were light in weight and took
up very little space. The fuel cells were a source of
electric power and of water. An experimental car
using a combination of hydrogen/air fuel cells and
ordinary storage batteries was built to go 200 miles
without being refueled. It had a maximum speed of
50 miles per hour,

Many projects to develop new fuel-cell tech-
nology are now underway, In one project, coal is
used to run a fucl-cell power plant. The coal is
gasitied to produce hydrogen which is then used to
operate hydrogen/air fuel cells, Since this power
system is 60 percenr efficient, it produces one and
onc-half times more electrical energy from each
ton of coal than a conventional plant produces.

The TARGET project is designing fuel-cell
units to power individual homes. These units run
on natural gas and air. They are only 45 percent
cfficient, but they avoid power losses from elec-
trical transmission lines since electric power is pro-
duced right in the home.

Fuel-cell technology is still in its infancy, But
one day, it may provide us with a clean, efficient,
inexpensive way of generating electric power.
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